ABSTRACT Background: The objective of this report was to compare the prevalence of acute respiratory distress syndrome (ARDS) and associated mortality between military service members with burns sustained during or in support of combat operations and civilian burn patients treated at a single burn center. Methods: Demographic and physiologic data were collected retrospectively on mechanically ventilated military and civilian patients admitted to our burn intensive care unit between January 2003 and December 2011. Patients with ARDS were identified and categorized as mild, moderate, or severe using the Berlin criteria. Demographics and clinical outcomes were compared. After initial comparison, propensity matching was performed and mortality compared. Results: A total of 891 burn patients required mechanical ventilation during the study period; 291 military and 600 civilian. The prevalence of ARDS was 34% (n = 304) for the entire cohort, 33% (n = 96) for military, and 35% (n = 208) for civilians ( p = 0.55). For the entire cohort, despite more severe injury burden, military patients had a significantly lower overall mortality (17% vs. 28%; p = 0.0002) as well as ARDS mortality (33 vs. 48%, p = 0.02) when compared to civilians. This difference was not significant after propensity matching based on age. Conclusion: In a retrospective cohort study, burned military patients on mechanical ventilation had a significantly lower overall and ARDS mortality despite larger burns and more severe injury when compared to civilian burn patients. This difference appears to be largely because of age.
INTRODUCTION

Development of acute respiratory distress syndrome (ARDS)
is a common complication of burn injury and is associated with poor outcomes. Previous reports using the longstanding American-European Consensus Conference definition, show that between 40% and 54% of burn patients who require mechanical ventilation (MV) will develop ARDS. [1] [2] [3] These patients have a mortality between 14% and 42%. [1] [2] [3] Age, delayed resuscitation, sepsis, and inhalation injury (II) have been reported as risk factors for the development of ARDS. [1] [2] [3] [4] [5] The Berlin definition for classifying ARDS defines three separate categories based on the degree of hypoxia measured as the ratio of partial pressure of arterial oxygen (PaO 2 ) to fraction of inspired oxygen (FiO 2 )(PaO 2 to FiO 2 ratio [PFR]). 6 The three categories of the Berlin definition are (1) mild (200 mm Hg PFR 300 mm Hg), (2) moderate (100 mm Hg PFR 200 mm Hg), and (3) severe (PFR 100 mm Hg) in the setting of at least 5 cm H 2 O of positive end expiratory pressure.
The U.S. Army Institute of Surgical Research (USAISR)
Burn Center serves as the sole referral center for all U.S. military burn casualties as well as the civilian regional burn center in South Texas. The USAISR's unique role in serving two distinct populations, allows for direct comparison of clinical outcomes. We have recently reported the application of the Berlin definition separately in a group of military burn patients, revealing that moderate and severe ARDS increased the odds of death by 4-fold and 9-fold, respectively. 7 In this article, we expand on this work by comparing ARDS-related outcomes among military burns to those of civilian burns admitted to our burn center. Differing baseline characteristics between civilian and military populations, as well as different mechanisms and patterns of burn injury, may impact the incidence and prognosis of ARDS between these two groups.
PATIENTS AND METHODS
Clinical Setting
The USAISR Burn Center is a Level V facility within an established chain of evacuation for U.S. combat causalties. Guidelines and protocols have been developed to ensure standardized prehospital resuscitation and care of burned combat casualties during evacuation. 8, 9 There is a dedicated burn flight team capable of providing transcontinental evacuation of severely burned combat casualties to the USAISR. The USAIR also functions as the regional burn center in South Texas, serving a civilian population within an area of 80,000 square miles. All obtunded patients, patients with symptomatic II, and those at risk for airway compromise 10 and blood products transfused before the diagnosis of ARDS were also examined. Three separate pulmonary critical care physicians (C.R.S., A.R.B., J. L.H.) reviewed records of patients included for evaluation to identify those meeting diagnostic criteria for ARDS based on the Berlin definition. Arterial blood gas values on the day of ARDS diagnosis were used to calculate PFR. For patients with ARDS, timing between injury and the diagnosis of ARDS was determined and recorded. Radiologic criteria were determined based on daily chest X-ray radiology reports. Heart failure or hydrostatic edema caused by fluid overload was ruled out based on echocardiography reports (subject to availability) or the evidence of improvement in pulmonary infiltrates with diuresis as the only intervention as documented in the daily progress notes. All patients that met the criteria for ARDS underwent a second chart review. In cases of disagreement, the senior author (K.K.C.) adjudicated.
Statistical Analysis
Continuous variables are reported as means ± standard deviation. Categorical variables are reported as proportions and, where appropriate, tested for significance using the χ 2 test. Stepwise logistic regression was performed to determine the independent variables most closely associated with moderate or severe ARDS. We then performed a propensity analysis matching the two groups by age and again compared all demographic and outcomes variables to include ARDS mortality (i.e., mortality among those with ARDS). All statistical analyses were completed using SAS version 9.2 (SAS Institute, Cary, North Carolina).
RESULTS
A total of 891 burn patients required MV during the study period; 291 military and 600 civilian. Table I illustrates and compares baseline demographic and outcomes data between these two groups overall. The military cohort was significantly younger than civilians (26 vs. 46 years, p 0.0001) and was composed of a larger percentage of males (97% vs. 79%, p 0.0001). The military cohort had a larger TBSA burned (34 vs. 28, p = 0.002), larger FT TBSA (26 vs. 13, p = 0.002), and a higher ISS (26 vs. 18, p 0.0001). Additionally, II was significantly more common in military patients (45% vs. 35%, p = 0.0004) as was fresh frozen plasma (FFP) administration and pneumonia. Prevalence of ARDS was 34% for the entire cohort, and was no different for military (33%) when compared to civilians (35%). Overall mortality was lower in the military patients compared to civilians among all those in the study population (17% vs. 28%, p = 0.0002). Table II depicts the demographic and outcomes data among just those with ARDS as a diagnosis per the Berlin criteria. The military cohort is still significantly younger. Although the TBSA is no longer different, ISS, FT, and II are higher in the military when compared to civilians. Additionally, military patients among those with ARDS appear to have received more FFP and more fluid (likely because of bigger burns), yet the mortality remains significantly lower.
Tables III and IV depict the variables that were significantly associated with the development of moderate or severe ARDS. Although II and FFP administration appeared to increase the odds of ARDS in the military group, these variables did not reach significance in the civilian group. Age was significantly associated with moderate and severe ARDS in the civilian cohort. Table V depicts propensity matching based on 48 age matched pairs between the two cohorts among those with ARDS as a diagnosis. In this analysis, mortality is no longer different between the two groups.
Propensity Matching
DISCUSSION
The main purpose of this study was to compare the prevalence of ARDS and its associated mortality in military service members with burns sustained during or in support of combat operations and civilian burn patients treated at a single burn center. One striking finding of this study is that, despite more severe injury defined by TBSA, FT, presence of II, and ISS, military patients had a significantly lower mortality. On logistic regression, II and FFP volume transfused were found to be predictive of moderate or severe ARDS exclusively in military patients, and age and AKI were unique to civilians. These predictors are consistent with a recent report from our institution utilizing the Berlin definition to assess prevalence and outcomes of ARDS in combat casualties 7 and emphasize the differences in these 2 populations reported on in this article. We have previously elucidated this difference by reporting that military burn patients have a higher ISS than their civilian counterparts and sustain injuries more frequently as a result of explosive mechanisms.
11
Prior reports from civilian literature have suggested that II is not predictive of the development of ARDS. 12 One possible explanation for our findings is that the inherent mean 96-hour evacuation time from injury to arrival at our center results in the deferment of burn center-specific treatment of II (frequent bronchoscopy and high-frequency percussive ventilation); therapy that is available immediately for civilians injured in close proximity to our facility. 8 The results of propensity matching reveal that the significant mortality difference between the two cohorts did not persist when age is matched. Age as a risk factor for mortality is not unique to this report. The triad of age, TBSA, and presence of II remain the classic predictors of mortality in various models for thermal injury. [13] [14] [15] [16] [17] The earliest, widely used mortality predictive tool described in 1961 predicted mortality based on the sum of age and TBSA burned. 18 Since that time, various groups have reported the importance of II in other methods to predict mortality. 14, 17 In a report describing the development of an age-specific predictive score of mortality, Moreau et al 19 described that the decrease in mortality reaches a nadir at age 21. Based on the significantly lower age and mortality of military, our outcomes are consistent with their findings.
The retrospective nature of this study carries with it certain inherent limitations. Even with detailed chart reviews, it can be difficult to make a diagnosis of ARDS with certainty. There is a small subjective component to the diagnosis. Strict adherence to the Berlin diagnostic criteria and implementation of a structured adjudication process were used to overcome this limitation. The significant heterogeneous nature of the population made comparing outcomes difficult; this limitation was addressed by propensity matching. In addition, we are not able to take into account any other factor than age that may have contributed to the improved outcomes noted in military patients. The military population was almost exclusively male, whereas the civilian population was 75% male; this difference may have skewed the morality rates. There may be some inherent benefits to the physical training and nutrition that are inherent in military patients before injury and these were not able to be accounted for. However, as our propensity-matched results show, this is unlikely as BMI was no different between the two agematched groups.
CONCLUSION
Among a burned population requiring MV, we found a significantly lower mortality in the military cohort when compared to civilians overall as well as in those with ARDS, despite more severe injury in the military group. However, this difference appears mostly because of age.
